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1
MULTI-ANODE I1ONIZATION CHAMBER

The present invention was made with Government support
under Contract No. DE-AC02-98CH10886 awarded by the
U.S. Department of Energy. The United States Government
has certain rights 1n the invention.

BACKGROUND

Ionization chambers have existed for several decades.
Recently, 1omization chambers have been developed for vari-
ous applications, such as non-destructive testing, nuclear
treaty verification, geological exploration, and the like.
Among these chambers, high pressure xenon (HPXe) cylin-
drical 1oni1zation chambers are commonly used because of the
robustness and cost effectiveness of the configuration.

Conventional cylindrical 1onization chambers can employ
a pressurized cylindrical vessel, an inner surface of which can
function as a cathode. One or more anode wires or tubes can
be disposed within the chamber traversing the chamber from
one end to the other along its central axis. The chamber 1s
generally filled with compressed xenon gas, which generates
clectron-1on pairs 1n response to incident high-energy pho-
tons, such as gamma rays. An electrical field generated
between the cathode and anode wire(s) or tube(s) causes free
clectrons, resulting from absorption of high-energy photons
in xenon, to driit towards the anode wire(s) or tube(s), where
the electrons are collected by the wire(s) or tube(s). The
charge induced at the anode by the electrons 1s converted into
an electrical signal, a pulse-height of which can be measured.

In 10on1zation detectors operating as electron-only carrier
devices, the pulse-height i1s directly proportional to a total
number of electrons collected at the anode minus the charge
induced by the immobile 10ns, which 1s equivalent to integra-
tion of the current induced by the electrons while they drit
toward the anode. The charge induced by the immobile 10ns
depends on the 1ons location 1nside the chamber. As a result,
the height of the output signal can be dependent on a point of
interaction ol the high-energy photons. To minimize the
elfect of the uncollected positive 10ns, a Frisch-grid 1s placed
inside the chamber to electrostatically shield the anode from
the 1ons, although other techniques can be used to achieve the
same effect.

Because of large sizes of the electrodes resulting in large
clectrical capacitance, conventional cylindrical 1onization
chamber detectors are sensitive to noise, electrical and acous-
tic, which degrades the performance of these detectors. For
example, sound waves can spread within the 1onization cham-
ber medium (e.g., compressed xenon) changing the local
density and dielectric constant of the xenon, which in turn can
aifect the energy resolution achievable by the detectors. Fluc-
tuations of the dielectric constant induce noise signals
referred to herein as acoustic noise.

SUMMARY

The preferred embodiments of the present invention
include a high-energy detector having a cathode chamber, a
support member, and anode segments. The cathode chamber
extends along a longitudinal axis from a first end to a second
end. The support member 1s fixed within the cathode cham-
ber, can extend from the first end of the cathode chamber to
the second end of the cathode chamber, and can have a lon-
gitudinal surface running the length of the cathode chamber.
The anode segments are supported by the support member
and are spaced along the longitudinal surface of the support
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2

member. The anode segments are configured to generate at
least a first electrical signal in response to electrons imping-
ing thereon.

In some embodiments, the high-energy detector can
include at least one spoke extending between the support
member and at least one of the anode segments to mount at
least one of the anode segments to, and spaced away from, the
support member. At least one spoke can have an internal
cavity through which an electrical conductor is routed to
clectrically connect at least one of at least one of the anode
segments and at least one electronic component. In other

embodiments, at least one of the anode segments 1s disposed
in contact with the support member.

The anode segments are positioned to facilitate an 1denti-
fication of at least one location associated with a point of
interaction of high-energy photons within the cathode cham-
ber. The location identified can represent a position of inter-
action along the longitudinal axis and/or a position of 1nter-
action about the support member. In some embodiments, at
least one of the anode segments has an annular configuration
surrounding the support member and/or at least one of the
anode segments has an arc-like configuration at least partially
surrounding the support member. At least one of the anode
segments can have a capacitance of less than about 15 pico-

tarads (pF), or 1n some embodiments, less than about 5 pico-
tarads (pF).

The support member can have a cavity through which the
first electrical signal 1s routed. The cavity may be maintained
at approximately 1 atmosphere pressure. At least one elec-
tronic component can be disposed within the support member
and can be electrically connected to at least one of the anode
segments to receive the first electrical signal for processing.
The at least one of the anode segments can be spaced away
from the support member.

High-energy photons, as well as high-energy particles such
as neutrons, can be detected using the chamber having a
detector medium disposed therein. To achieve this, a first
clectrical potential 1s applied at the cathode disposed on an
internal surface of the chamber and a second electrical poten-
tial 1s applied at one or more of the anode segments spaced
longitudinally along a support member disposed within the
chamber. The detector medium 1s exposed to high-energy
photons to liberate electrons. The first and second electrical
potentials create an electric field suflicient to cause the liber-
ated electrons to drift towards at least one of the one or more
anode segments.

The liberated electrons can be collected by the one or more
anode segments, where the liberated electrons can induce an
clectrical charge in the one or more anode segments. An
clectrical signal associated with the electrical charge can be
sent from the one or more anode segments to at least one
clectronic component disposed within the support member.

A location of an interaction can be determined between the
high-energy photons and the detector medium. The location
can correspond to a position along the longitudinal axis of the
chamber and/or a position about the support member.

Other objects and features of the present invention waill
become apparent from the following detailed description
considered in conjunction with the accompanying drawings.
It 15 to be understood, however, that the drawings are designed
as an 1llustration only and not as a definition of the limits of
the mvention.
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BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 depicts a high-energy detector having annular anode
segments.

FIG. 2A depicts a cross-sectional view of the high-energy
detector of FIG. 1 along the line 2a-2a.

FIG. 2B depicts a cross-sectional view of the high-energy
detector of FIG. 1 along the line 26-256

FIG. 3 depicts a portion of a high-energy detector having
sectioned anode segments.

FIG. 4 depicts a cross-sectional view of the high-energy
detector of FIG. 3 along the line 4-4.

FIG. 5 depicts a portion of a high-energy detector having
anode segments integrated on a nonconductive support mem-
ber.

FIG. 6 depicts an array of high-energy detectors 1n accor-
dance with the preferred embodiments of the present mven-
tion.

FI1G. 7 depicts a high-energy detector used in combination
with a masking component to facilitate a determination of the
direction from which the high-energy photons are impinging
a detector medium.

DETAILED DESCRIPTION

The preferred embodiments of the present invention
include 1onization chamber detectors configured to have low
noise interference, electrical and acoustic, and to have spatial
resolution to facilitate a determination of a location at which
high-energy photons, such as gamma rays, x-rays, and the
like, and high-energy particles, such as neutrons, interact
within the detectors. These detectors can be advantageously
implemented to safeguard employees working around radio-
active materials, prevent the removal of radioactive matenals
from secure locations by installing the detectors within a
portal monitoring system, 1nvestigate areas that have been
exposed to radioactive materials, and detect the proliferation
of weapons of mass destruction, e.g., detect weapon-grade
plutonium, and perform other similar functions.

The 1onization chamber detectors can include a cathode
chamber capable of holding, preferably under pressure, a
detector medium that generates electron-ion pairs when
exposed to high-energy photons, e.g., gamma rays or X-rays.
Anode segments can be disposed within the cathode chamber
and can be mounted on a support member so that there 1s a
space between a surface of the cathode chamber and the
anode segments. The 1onization chamber detectors described
herein advantageously minimize the effects of noise, electri-
cal and acoustic, to provide high-energy resolution of less
than about 2.5% fall wave half maximum (FVHM) at 662 kilo
clectron Volts (keV) and can enable spatial resolution of
high-energy photon interaction within the chamber so that the
location(s) at which the high-energy photons interact can be
determined.

FIGS. 1, 2a and 2b depict a preterred embodiment of a high
energy detector 100 that includes pressurized cathode cham-
ber 110 (hereinafter “chamber 1107°), a support member 130,
anode segments 140a-n, preferably a Frisch grid 145, elec-
tronic components 150a-r, at least one data acquisition com-
ponent 160, and at least one computing device 170. The
chamber 110 can have a generally cylindrical longitudinal
body 112 extending along a longitudinal axis 102 with flanges
114a-b disposed at each end 116a-b of the chamber 110 to
substantially seal the chamber 110, although other configu-
rations can be implemented. The chamber 110 can have a
diameter 120 and a length 122. In one embodiment, the cham-
ber 110 can have a volume of up to about 10 liters. An internal
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4

surface of the chamber body 112 can be an electrode formed
from an electrically conductive material, such as aluminum,
copper, gold, silver, and the like, which can function as a
cathode 118. One or both of the flanges 114a-b can have an
opening 124 through which the support member 130 can
extend.

The chamber 110 can be filled with a detector medium 1n a
gaseous or condensed state, and can be sealed such that the
detector medium remains in the chamber 110 under a desired
pressure. The detector medium can be held 1n the chamber
under pressure, for example, from about 20 to about 100 bar,
and 1s preferably held at about 50 to about 70 bar. In one
embodiment, the detector medium can be held at about 60 bar.
The detector medium can be a noble gas, such as xenon (Xe),
argon (Ar), and krypton (Kr), or combinations of these gases
with or without organic admixtures. Small amounts of
helium-3 or other gases may be added to improve sensitivity
to certain desired photons or particles. Condensed (liquid or
solid) noble gases can also be used. Xenon 1s preferably used
because of 1ts high stopping power of high-energy photons,
such as gamma rays. When high-energy photons are incident
upon one or more particles of the detector medium, the par-
ticles are 1onized and one or more electrons are liberated
forming electron-10n pairs. An electric field between the cath-
ode 118 and anode segments 140a-7 cause the liberated elec-
trons to drift towards the anode segments 140a-7.

The support member 130 can form an inner wall of the
chamber 110 and can be formed from a material which 1s
substantially impermeable to electromagnetic radiation so
that the support member 130 functions as an electromagnetic
shield. For example, the support member 130 can be formed
of a metal including, such as stainless steel, although one
skilled 1n the art will recognize that other materials can be
used. The support member 130 can have a cylindrical tube or
conduit configuration having a diameter 132, can have gen-
erally rectangular configuration, or can have another suitable
configuration, and can extend along the longitudinal axis 102
between the ends 116a-b of the chamber 110 and through the
openings 124 1n the flanges 114a-b. An internal cavity 134
can be disposed 1n the support member 130 through which
clectrical signals can be routed and in which the electronic
components 150a-» can be disposed. The internal cavity 134
may be held at a pressure different from the detecting
medium, including 1 atmosphere pressure. The electrical sig-
nals and electronic components 150aq-r are substantially

shielded from electromagnetic radiation by the support mem-
ber 130.

In the present embodiment, the anode segments 140a-7
have a generally annular shape and are disposed about the
support member 130. The annular anode segments 140a-7
can have a diameter 142 that 1s greater than the diameter 132
of the support member 130 and can have a broad annular
surface with a height H. The diameter 142 of the anode
segments 140a-» can have a range, for example, from about
10 mm to about 40 mm and preferably from about 15 mm to
about 25 mm. The height H of the annular surface of the anode
segments 140a-» can range, for example, from about 5 mm to
about 300 mm or greater and preferably from about 10 mm to
about 100 mm so that multiple anode segments 140a-7 can be
disposed at discrete and various positions with respect to the
longitudinal axis 102. A capacitance associated with one of
the anode segments (e.g. anode segment 140a) can be deter-
mined, 1n part, based on a surface area of the anode segment,
where a larger surface area results 1n a larger capacitance, and
the dielectric constant of the detector medium. The anode
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segments 140q-r2 can be configured to have small capaci-
tances, for example, less than 15 picotfarads (pF) and prefer-

ably less than 5 pF.

The anode segments 140a-» are generally independent and
distinct structures that are spaced away from the body 112 of
the chamber 110 and that can be mounted on the support
member 130 via spokes 144 at various positions along and
coaxially about the longitudinal surface of the support mem-
ber 130. The spokes 144 are preferably formed from an 1nsu-
lating material, such as a ceramic material, including alumina
or other suitable insulating materials. At least one spoke 144"
connecting anode segments 140aq-7 to the support member
130 can have a hollowed cavity 146 (FIGS. 2A and 2B)
configured as a feed-through so that the anode segments
140a-n can be electrically connected to the electronic com-
ponents 150a-» housed within the support member 130, for
example, using an electrically conductive material 148
(FIGS. 2A and 2B), such as a metal wire, which may be
insulated. In one embodiment, the spoke 144' can be formed
from a conductive material such that the anode segments
140a-n are electrically connected to the electronic compo-
nents via, at least 1n part, the spoke 144",

In some embodiments, the Frisch grid 145 can be imple-
mented using techmques known to those skilled 1n the art and
can be disposed between the cathode 118 and the anode
segments 140a-7. The Frisch grid 1435 1s preferably formed of
a conductive material, such as aluminum, gold, silver, and the
like, and can function to minimize the etfect of uncollected
positive 1ons of electron-1on pairs resulting from an absorp-
tion of high-energy photons by the detector medium. The
Frisch-grid 145 1s placed mside the chamber 110 to electro-
statically shield the anode segments 140aq-z from 1ons,
although other techniques can be used to achieve the same
cifect. In some embodiments, the chamber 110, support
member 130, anode segments 140a-7, and the Frisch grid 145
are co-axially positioned with respect to each other.

A first electrical potential can be applied to the cathode 118
using a power source 180 (FIG. 1) and a second electrical
potential can be applied to one or more of the anode segments
140a-» using one or more power sources 190 (FIG. 1), where
the power sources 180 and 190 can be formed as a single unit
and/or multiple units. The one or more power sources 190 can
be connected to one or more of the anode segments via one or
more wires extending through the internal cavity 134 of the
support member 130 and the hollow cavity 146 of at least one
spoke 144'. The electrical potentials applied to the cathode
118 and anode segments 140a-» are suilicient to create an
clectric field E within the chamber 110 that tends to direct
clectrons liberated by an interaction between high-energy
photons and the detector medium towards one or more of the
anode segments 140a-». For example, an electrical potential
of about 20,000V can be applied to the cathode 118, an
clectrical potential of about OV can be applied to one or more

of the anode segments, and an electrical potential of about
10,000V can be applied to the Frisch grid 145.

As a result of the electric field generated within the cham-
ber 110, liberated electrons 194, resulting from the 10ni1zation
of one more particles of the detector medium 1n response to
interaction with high-energy photons, driit towards one or
more of the anode segments 140a-%. The liberated electrons
194 are collected by the one or more anode segments 140a-#
inducing a charge in the one or more anode segments 140a-7.
At least one electrical signal can be generated from the one or
more anode segments 140aq-n corresponding to the charge
induced by the collection of liberated electrons to represent a
number of liberated electrons collected.
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A determination of a location at which high-energy pho-
tons, such as gamma rays, are interacting within the chamber
110 can be made using the multiple discrete and independent
anode segments 140a-r disposed at various positions along
the longitudinal surface of the support member 130, and
which do not extend the longitudinal length 122 of the cylin-
der 110. For example, high-energy photons can be incident
upon the detector medium in proximity to the anode segment
140qa resulting 1n liberated electrons. Due to the proximity of
the liberated electrons to the anode segment 140a, a majority
of the liberated electrons can drift towards and be collected by
the anode segment 140q, while a minority of the liberated
clectrons can be collected by the remaining anode segments
1405-n. As a result, a determination can be made that the
high-energy photons are interacting with the detector
medium at a longitudinal position 1n proximity to the anode
segment 140a.

The electronic components 150a-» can be electrically con-
nected to the anode segments 140a-» so that the electronic
components 150a-» can receive the electrical signals gener-
ated by the anode segments 140a-7 1n response to the collec-
tion of liberated electrons. The electronic components 150a-#
can function as preamplifiers that amplify the electrical sig-
nals received from the anode segments 140a-7 prior to for-
warding the electrical signals for further processing. In some
embodiments, the electronic components can be application
specific integrated circuits (ASICs) developed to perform the
pre-amplification of the electrical signals as well as other
functions and/or can be configured to convert analog electri-
cal signals recerved from the anode segments 140a-» into
digital electrical signals using an analog-to-digital converter
(ADC) 152, which in some embodiments can be converted to
optical signals. All, some, or none of the anode segments
140a-» can have a corresponding electronic component
150a-n. For example, 1n the present embodiment, the anode
segments 140a-» have corresponding electronic components
150a-n, respectively. In other embodiments, an electronic
component can be electrically coupled to multiple anode
segments and/or multiple electronic components can be elec-
trically coupled to a single anode.

The electronic components 150a-» can be placed within
the support member 130 in close proximity to their corre-
sponding anode segments 140aq-r so that the distance
between the anode segments 140a-7 and the electronic com-
ponents 150a-» can be minimized, resulting in short wire
lengths between the anode and the electronic components
compared to wires that extend the longitudinal length 122 of
the chamber 110. By positionming the electronic components
150a-7 1n close proximity to their corresponding anode seg-
ments 140a-r, the parasitic capacitance of the electrical con-
nection between the anode segments 140a-z and the elec-
tronic components 150a-7», which can be determined based on
the length and diameter of the wire, can be minimized. The
clectronic components 150a-7 can be electrically coupled to
a data acquisition device (DAQ) 160 so that the electronic
components 150a-» can send the electrical signals recerved
by the anode segments 140a-» to the DAQ 160 for further
processing.

The DAQ 160 provides an interface between the electronic
components 150a-» and the computing device 170. The DAQ
160 can receive one or more signals, electrical or optical,
analog or digital, from one or more of the electronic compo-
nents 150a-» and store the signals 1n a buffer. The DAQ 160
can also convert analog electrical signals into digital signals
using an ADC 161. The electrical signals can be sent to the
computing device 170 for analytical, or other, processing n
any suitable manner.
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The computing device 170 can be used to store and analyze
clectrical signals associated with the collection of liberated
clectrons at the anode segments 140q-n. The computing
device 170 can be a mainirame, personal computer (PC),
laptop computer, workstation, handheld device, such as a
PDA or smart phone, or the like, that can process the electrical
signals. In one embodiment, the computing device 170 can be
used to determine a pulse-height of the electrical signals
received from the anode segments 140a-# that are associated

with the charge induced at the anode by the liberated electrons
that are collected.

FIGS. 3 and 4 depict a high-energy detector 100'. The

high-energy detector 100' can include the chamber 110 hav-
ing flanges 114a-b disposed at the ends thereol, the support
member 130, the at least one data acquisition component 160,
the at least one computing device 170, electronic components
150a-n, and anode segments 302a -7.

In the present embodiment, the anode segments 302a-7z can
have a generally plate-like configuration, which can be gen-
erally planar or can have a curvature so that the anode seg-
ments 302a-» can have an arc-like configurations extending,
at least partially about the support member 130 to form a
partitioned or discontinuous annular configuration. The
anode segments 302a-» can have broad surfaces 304a-n for

collecting liberated electrons of electron-ion pairs. For
embodiments where the anode segments 302a-» have a cur-
vature, the curvature can be substantially equivalent to the
curvature of the cylindrical surface of the chamber 110, the
curvature of the support member 130, and/or a curvature 1n
between that of the surface of the chamber or the support
member. The anode segments 302a-r are generally indepen-
dent and distinct structures that are spaced away from the
body 112 of the chamber 110 and are disposed about the
support member 130 being mounted thereon via spokes 144 at
various positions along the longitudinal and radial surface of
the support member 130. At least one of the spokes 144
connecting the anode segments 302a-» to the-support mem-
ber 130 has the hollowed cavity 146 (F1G. 4) configured as a
teed-through so that the anode segments 302a-z can be elec-
trically connected to the electronic components 150a-7
housed within the support member 130 via wires 148 (FIG.
4).

A capacitance associated with one of the anode segments
(e.g. anode segment 302a) can be determined, 1n part, based
on the length of the anode, where a longer segment results 1n
a larger capacitance, and the dielectric constant of the detec-
tor medium. The anode segments 302a-» can have a surface
area such that the capacitance of one of the anode segments 1s,
for example, less than about 15 pF and preferably less than
about 5 pF.

FIG. 5 depicts another high-energy detector 100" having
anode segments 500a-z mounted on the support member 130
without spokes. The anode segments 500a-7 can be disposed
on and 1n contact with the support member 130 such that the
support member 130 1s formed from multiple discrete anode
segments 500a-n for collecting liberated electrons of elec-
tron-10n pairs separated by sections of a non conductive elec-
tromagnetic shielding material. The anode segment 5004 can
have a continuously formed annular configuration at a first
location along the longitudinal surface of the support member
130 such that the anode segment 500a extends about and 1n
contact with the support member 130 to substantially sur-
round the support member 130. The anode segments 5005-d
are formed about a second longitudinal location of the sup-
port member 130 such that the anode segments 5005-d form
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a partitioned or discontinuous annular configuration at least
partially surrounding, and in contact with, the support mem-
ber 130.

The electronic components 1350a-z disposed within the
internal cavity of the support member 130 can be electrically
connected to one or more anode segments 500a -n. For
example, electronic component 150a can be electrically con-
nected to anode segment 500q and can be positioned 1n close
proximity to minimize the parasitic capacitance of the elec-
trical connection. In the present embodiment, the anode seg-
ments 5005 and 500c¢ can be electrically connected to elec-
tronic component 1505, where electronic component 15056
receive the electrical signals from the anode segments 50056
and 500c and process the electrical signals prior to send the
signals to the DAQ 160.

The configurations of the high-energy detectors disclosed
herein result 1 low capacitance anode segments (e.g., less
than 15 pF) and can advantageously minimize the effects of
noise, electrical and acoustic, that interferes with the electri-
cal signals generated by the anode segments to provide high-
energy resolution of less than about 2.5% full wave half
maximum (FWIHM) at 662 keV. The high-energy detectors
disclosed herein can facilitate spatial resolution of high-en-
ergy photon interaction within the chamber so that the loca-
tion(s) at which the high-energy photons interact within the
chamber can be determined and/or a location of the substance
emitting the high-energy photons can be determined.

FIG. 6 depicts an array or matrix 600 (heremaiter “array
600”) of igh-energy detectors 602 that can be formed using
one or more of the high-energy detectors 100, 100', and 100"
(high-energy detectors 100, 100', and 100" are collectively
referred to heremaiter as “high-energy detector 602”). The
array 600 of high-energy detectors 602 can be formed to
tacilitate a large area, position-sensitive gamma-ray detector
for spectroscopy and 1imaging of gamma-rays produced by
radiation sources. In the illustrated example, a two-by-four
(2x4) array can be formed using the high-energy detector
602. Implementing the array 600 of high-energy detectors
602 can increase the energy resolution and sensitivity of the
device to facilitate increased accuracy and performance. The
array 600 of high-energy detectors 602 can be housed 1n an
enclosure to increase the durability. While the present
example 1llustrates a 2x4 array those skilled in the art will
recognize that arrays and matrices ol different dimensions
can be implemented, such as for example, a 4x4 array.

FIG. 7 depicts one of the high energy detectors 602 used, in
combination, with a masking component 700 to generate
patterns of high-energy photons to facilitate a determination
of the direction from which the high-energy photons are
impinging the detector medium. The masking component 700
can be disposed external to the chamber 110 and can include
one or more blocking sections 702 formed from a material
that 1s substantially impermeable to electromagnetic radia-
tion, such as gamma rays, to substantially prevent high-en-
ergy photons from passing therethrough. The blocking sec-
tions 702 can be spaced to allow some high-energy photons to
pass by. In one embodiment, the blocking sections can be
substantially linear and in other embodiments the blocking
sections can be curved to extend at least partially about the
chamber 110 to at least partially surround the chamber 110.

In the present example, a substance 710 that emits high-
energy photons 712, such as gamma rays, x-rays, or the like,
1s located near the high-energy detector 602 and with the
masking component 700 disposed therebetween. The high-
energy photons 712 can radiate towards the high-energy
detector 602. Due to the relation of the substance 710 to the
masking component 700, some of the high-energy photons
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712 can impinge upon the blocking sections 702, while other
high-energy photons 712 can radiate 1n between the blocking
sections 702 and through the chamber 110 to interact with the
detector medium disposed therein resulting 1n the generation
of electron-1on pairs. The liberated electrons can drift towards
one or more ol the anode segments, such as those anode
segments disclosed herein, as a result of an electrical field
generated between the cathode 118 and the anode segments.
In the present example a determination can be made that the
substance 1s lower than the detector since the bottom anode
segment of the detector 602 collects fewer liberated electrons
than the remaining anode segments.

The preferred embodiments can be used 1n a fixed and/or
portable application where the detection of high-energy pho-
tons 1s desired. In one example, the preferred embodiments of
the detectors described herein can be used in a laboratory
where samples may be place 1n proximity to the detectors and
tor which the detectors can determine the composition of the
samples based on the high-energy photons emitted from the
samples. In another example, the high-energy detectors
described herein can be used 1n a portable field application
where the detectors can be used to determine the composition
of matenials. As a result of the preferred embodiments of the
present invention, operators of the high-energy detectors
described herein can locate and identily radioactive matenal
with higher resolution and more accurately than with conven-
tional high-energy detectors.

While preferred embodiments of the present invention
have been described herein, it 1s expressly noted that the
present invention 1s not limited to these embodiments, but
rather the intention 1s that additions and modifications to what
1s expressly described herein are also included within the
scope of the invention. Moreover, 1t 1s to be understood that
the features of the various embodiments described herein are
not mutually exclusive and can exist 1n various combinations
and permutations, even 1f such combinations or permutations
are not made explicit herein, without departing from the spirit
and scope of the mvention.

The mvention claimed 1s:

1. A high-energy, 10n1zing radiation detector comprising:

a cathode chamber extending along a central longitudinal
axis;

a detector medium at high pressure, above one atmosphere,
within said cathode chamber disposed to interact with

incident high-energy photons or other radiation and gen-
crate electron-ion pairs;

a support member centrally fixed within said cathode
chamber, said support member having an internal cavity
in which at least one electrical component configured to
receive electrical signals 1s disposed and through which
clectrical signals are routed; and

a plurality of anode segments supported by said support
member and configured to generate at least a first elec-
trical signal 1n response to electrons impinging thereon,
said plurality of anode segments electrically connected
to said at least one electrical component disposed within
said support member and being spaced along a longitu-
dinal surface of said support member and coaxially
around said longitudinal surface of said support mem-
ber, said plurality of anode segments having a physical
displacement from said central longitudinal axis of said
cathode chamber greater than a physical displacement of
said longitudinal surface of said support member from
said central longitudinal axis of said cathode chamber,
wherein each of said plurality of anode segments does
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not define an individuated one of a collection of contigu-
ous, msulated 1onizing radiation detector cathode cham-
bers.

2. The high-energy, 1on1zing radiation detector of claim 1,
wherein said plurality of anode segments are positioned to
facilitate an 1dentification of at least one location associated
with a point of interaction between high-energy photons and
said detector medium disposed within said cathode chamber.

3. The high-energy, 10on1zing radiation detector of claim 2,
wherein said at least one location represents a position of
interaction along said longitudinal axis.

4. The high-energy, 1on1zing radiation detector of claim 2,
wherein said at least one location represents a position of
interaction about said support member.

5. The high-energy, 1on1zing radiation detector of claim 1,
wherein at least one of said plurality of anode segments 1s
spaced away from said support member and said high-energy,
ionizing radiation detector further comprises:

at least one spoke extending between said support member

and said at least one of said plurality of anode segments
to mount said at least one of said plurality of anode
segments to said support member.

6. The high-energy, 1on1zing radiation detector of claim 3
turther comprising:

said at least one electronic component disposed within said

support member, wherein said at least one spoke has an
internal cavity through which an electrical conductor 1s
routed to electrically connect said at least one of said
plurality of anode segments and said at least one elec-
tronic component.

7. The high-energy, 1on1zing radiation detector of claim 1,
wherein at least one of said plurality of anode segments has an
arc-like configuration at least partially surrounding said sup-
port member.

8. The high-energy, 10on1zing radiation detector of claim 1,
wherein at least one of said plurality of anode segments at
least partially surround said support member.

9. The high-energy, 10on1zing radiation detector of claim 1,
wherein at least one of said plurality of anode segments has a
surface area configured to generate an individual effective
capacitance for said at least one of said plurality of anode
segments of less than about 15 picofarads (pF) for a given
radial displacement between said at least one of said plurality
of anode segments and an inner wall of said cathode chamber.

10. The high-energy, 1on1zing radiation detector of claim 1,
wherein at least one of said plurality of anode segments has a
surface area configured to generate an individual effective
capacitance for said at least one of said plurality of anode
segments of less than about 5 picofarads (pF) for a given
radial displacement between said at least one of said plurality
ol anode segments and said cathode chamber.

11. The high-energy, 1on1zing radiation detector of claim 1,
turther comprising:

at least one conductive Frisch grid coaxially disposed

between an mner wall of said cathode chamber and said
plurality of anode segments.

12. The high-energy, 1onizing radiation detector of claim
11, wherein said at least one conductive Frisch grid 1s com-
posed of gold, silver, and/or other noble metals.

13. The high-energy, i1onmizing radiation detector of claim
11, wherein said at least one conductive Frisch grid 1s com-
posed of aluminum and/or other base metals.

14. The high-energy, 1on1zing radiation detector of claim 1,
wherein a pressure mside said iternal cavity of said support
member 1s different from a pressure inside said cathode
chamber.




US 7,858,949 B2

11

15. The high-energy, 1onizing radiation detector of claim
14, wherein a pressure inside said internal cavity of said
support member 1s one atmosphere pressure.

16. The high-energy, 10ni1zing radiation detector of claim 1,
wherein said detector medium 1s a noble gas including xenon,
argon, and krypton, or a combination of these gases.

17. The high-energy, ionizing radiation detector of claim
16, wherein said detector medium 1s a noble gas or a combi-
nation of said noble gases and an organic admixture.

18. The high-energy, ionizing radiation detector of claim
16, wherein said detector medium 1s a noble gas or a combi-
nation of said noble gases and helium-3.

19. The high-energy, 10ni1zing radiation detector of claim 1,
wherein said detector medium 1s held at a pressure between
20 to 100 bar.

20. The high-energy, 10nizing radiation detector of claim 1,
wherein said detector medium 1s held at a pressure between
50 to 70 bar.

21. An 1onization chamber comprising:

a cathode disposed on an 1nternal longitudinal surface of

said 1onization chamber;

a detector medium at high pressure, above one atmosphere,
within said cathode chamber disposed to interact with
incident high-energy photons or other radiation and gen-
erate electron-1on pairs;

a support member centrally disposed within said 1onization
chamber and extending along a longitudinal axis of said
ionization chamber, said support member having an
internal cavity in which at least one electrical compo-
nent configured to receive electrical signals 1s disposed
and through which electrical signals are routed;

a plurality of discrete anode segments configured to gen-
crate at least a first electrical signal in response to elec-
trons 1mpinging thereon, said plurality of anode seg-
ments electrically connected to said at least one
clectrical component disposed within said support
member and being spaced along a longitudinal surface
of said support member and coaxially around said lon-
gitudinal surface of said support member, said plurality
of anode segments having a physical displacement from
said central longitudinal axis of said cathode chamber
greater than a physical displacement of said longitudinal
surface of said support member from said central longi-
tudinal axis of said cathode chamber, wherein each of
said plurality of anode segments does not define an
individuated one of a collection of contiguous, insulated
ionizing radiation detector cathode chambers; and

said at least one electronic component positioned within
said support member in proximity to at least one of said
plurality of anode segments, the position of said at least
one electronic component being configured to minimize
an effect of acoustic noise.

22. The 1onization chamber of claim 21, wherein at least
one of said plurality of anode segments forms a continuous
annular structure about said support member.

23. The 10oni1zation chamber of claim 20, wherein said at
least one of said plurality of anode segments 1s mounted on
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said support member via at least one spoke so that said at least
one of said plurality of anode segments 1s spaced away from
said support member.

24. The 1onization chamber of claim 21, wherein at least
two of said plurality of anode segments are formed about said
support member 1n a partitioned annular configuration.

25. The 1omization chamber of claim 21, wherein said plu-
rality of anode segments are configured to facilitate a deter-
mination of a location within said 1onization chamber at
which high-energy photons are interacting with said detector
medium disposed therein.

26. The1onization chamber of claim 21, further comprising,
a masking component external to said 1onization chamber.

27. An array of 1onization chambers configured to detect
high-energy photons capable of causing particle 1onization in
a detector medium, the array comprising:

a plurality of 1onization chambers, each 1onization cham-

ber comprising:

a cathode disposed on an internal longitudinal surface of
said 1onization chamber:

a detector medium at high pressure, above one atmo-
sphere, within said cathode chamber disposed to
interact with incident high-energy photons or other
radiation and generate electron-1on pairs;

a support member centrally disposed within said 10n1za-
tion chamber and extending along a longitudinal axis
ol said 1oni1zation chamber, said support member hav-
ing an internal cavity in which at least one electrical
component configured to receive electrical signals 1s
disposed and through which electrical signals are
routed;

a plurality of discrete anode segments configured to
generate at least a first electrical signal 1n response to
clectrons impinging thereon, said plurality of anode
segments electrically connected to said at least one
clectrical component disposed within said support
member and being spaced along a longitudinal sur-
tace of said support member and coaxially around
said longitudinal surface of said support member, said
plurality of anode segments having a physical dis-
placement from said central longitudinal axis of said
cathode chamber greater than a physical displacement
of said longitudinal surface of said support member
from said central longitudinal axis of said cathode
chamber, wherein each of said plurality of anode seg-
ments does not define an individuated one of a collec-
tion of contiguous, msulated 1onizing radiation detec-
tor cathode chambers; and

said at least one electronic component positioned within
said support member 1n proximity to at least one of
said plurality of anode segments, the position of said
at least one electronic component being configured to
minimize an effect of acoustic noise;

said plurality of 1onization chambers housed 1n a durable
enclosure.




	Front Page
	Drawings
	Specification
	Claims

